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Abstract: The aim of this article is to devise the method of lemmatisation of strong verbs from a corpus of Old English with a
view to maximising the automatic search for the inflectional forms, with the corresponding minimisation of manual revision of
the verbs under analysis. The search algorithm, which consists of query strings and filters, is launched on the lemmatiser Norna,
a component of the lexical database of Old English Nerthus. The conclusions of the article insist on the limits of automatic
lemmatisation as well as the paths of refinement of the lemmatisation method in order to accomodate less predictable forms.
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LEMAS DE VERBOS FUERTES DESDE UN CORPUS DE INGLES ANTIGUO: AVANCES Y PROBLEMAS

Resumen: el objetivo del presente articulo es idear un método de lematizacion de verbos fuertes de inglés antiguo, con el
propésito de maximizar la busqueda automatica de formas flexivas, con la correspondiente reduccion en la revision manual de
los verbos en estudio. El algoritmo de busqueda consiste en cadenas de busqueda vy filtros, ejecutados en el lematizador Norna,
un componente de la base de datos léxica de inglés antiguo Nerthus. Las conclusiones del articulo insisten en los limites de la
lematizacion automatica, asi como en las posibilidades de refinamiento del método de lematizacion para acomodar las formas
menos predecibles.
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1. AIMS AND SCOPE

This article deals with the morphology of Old English and, more specifically, with the lemmatisation of strong
verbs based on the textual forms in the Dictionary of Old English Corpus (henceforth DOEC).! It focuses on the
analytical steps required by lemmatisation as well as on the implementation of such steps in the lemmatiser
Norna, an integral part of the lexical database of Old English Nerthus (www.nerthusproject.com). Along with
the compilation of the initial inventory of lemmas of strong verbs and the design of a lemmatisation method,
this article aims at maximising the automatic search for the inflectional forms of the verbs under analysis, with
the corresponding minimisation of manual revision. With these aims, this article contributes to the research line
in the linguistic analysis of Old English pursued, among others, by Garcia Garcia (2012, 2013), Martin Arista
(2012a, 2012b, 2013, 2014, fc-a, fc-b), Mateo Mendaza (2013, 2014, 2015a, 2015b, 2016), Novo Urraca (2015,
2016a, 2016b) and Vea Escarza (2012, 2013, 2014, 2016, fc). The relevance of the undertaking lies in the lack
of a lemmatised corpus of Old English. The corpus of reference in the field of Old English studies, the DOEC, is
annotated at text level (edition, author, prose/poetry/gloss) but dos not offer word tagging, neither by attested
form nor by lemma. Other remarkable corpora, like the The York-Helsinki Parsed Corpus of Old English Poetry

' This research has been funded through the project FFI2014-59110 (MINECO), which is gratefully acknowledged.
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and The York-Toronto-Helsinki Parsed Corpus of Old English Prose, which have been parsed for syntax and can
be searched for syntactic categories and functions as well as for inflection, do not tag the attested forms with
information on the corresponding lemma. For instance, an inflectional form such as berad is marked as finite
verb, present of indicative, but no link is given to the lemma beran ‘to bear’, with which it is not possible either to
gather the inflectional paradigm of this verb or to quantify the occurrences of beran in the corpus. This has been
done by The Dictionary of Old English (hereafter DOE) for the letters published so far, A-G, but is hardly accessible
or unavailable for the letters H-Y from the standard dictionaries of Old English. Of the lexical and morphological
classes of Old English, this article concentrates on strong verbs for two reasons. The first is descriptive, namely that
strong verbs represent the starting point of lexical derivation, as has been pointed out by authors like Mailhammer
(2006, 2008) and Martin Arista (2012a). The second reason for restricting the scope of the article to the strong
verb is methodological. Strong verbs, as is well known, form the preterite and the past participle by means of, as
in beran (infinitive) - beer (1st. preterite) - beron (2nd. preterite) - (ge)boren (past participle) ‘to bear’. The different
Ablaut patterns give rise to seven classes of strong verbs, shown in figure 1 (based on Hogg and Fulk, 2011; see
also Prokosch, 1939, Van Coetsem, 1990 and Hogg, 1992).

INFINITIVE FIRST SECOND PAST
PRETERITE PRETERITE PARTICIPLE

| scinan scan scinon (ge)scinen ‘to shine’
] créopan créap crupon (ge)cropen ‘to creep’
1] feohtan feaht fuhton (9e)fohten ‘to fight’
\Y, beran baer beron (ge)boren ‘to bear’
Vv giefan geaf geafon (g9e)giefen ‘to give’
\ standan stod stodon (ge)standen ‘to stand’
Vil slagpan slép slépon (ge)sleepen ‘to sleep’

Figure 1. The Ablaut patterns of the seven classes of strong verbs?.

When searching a corpus for strong verbs, the queries can be aimed not only to inflectional endings, as in
the lemmatisation of weak verbs, but also to the changes to the root vowel characteristic of each of the classes
presented in figure 1, as, for instance, in the pattern eo-ea-u-o, which defines certain Class Ill strong verbs such
as feohtan-feaht-fuhton-(ge)fohten ‘to fight’. Therefore, the lemmatisation of this class is likely to pave the way for
the analysis of the other classes because, as has been pointed out above, a remarkable number of derivatives are
based on strong verbs, which, moreover, are very frequent in the texts, as is the case with verbs like caman ‘to
come’ and giefan ‘to give’.

With the aims and scope thus defined, the remainder of the article is organised as follows. Section 2 presents
the lemmatiser Norna, a building block of the relational lexical database of Old English Nerthus. Section 3 describes
the search algorithm used for assigning lemmas to the inflections of the strong verbs found in the DOEC. Section 4
offers the results of the application of the query strings and filters of which the search algorithm consists to
the data in the DOEC. The results of the analysis are discussed in section 5. Finally, section 6 draws the main
conclusions, in the line of maximising the automatic search for the inflectional forms of the verbs under analysis
with the corresponding minimisation of manual revision.

2. THE LEMMATISER NORNA

The lemmatiser Norna has been implemented in Filemaker database software (version 14) and is based
on a concordance and an index to the DOEC. The corpus has been concorded by word and by fragment. The
concordance by word, displayed in figure 2, consists of three million lines, one per word in the corpus. The
concordance by fragment contains around two hundred thousand fragments of texts identifed with the short title
with which they appear in the DOEC, as in Eala du cleric ne wana éu aefre wexbreda fram sidan [Abbo 000100
(103.1)].

2 This classification of strong verbs follows the Clark Hall dictionary, except as regards the subclasses a, b, etc of Class Il and Class VII, which are based on Krygier
(1994). On strong verb classes, see also Levin (1964) and Mailhammer (2006, 2007, 2008).
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Figure 2. The word concordance to the DOEC.

The word concordance to the DOEC turns out an index of approximately one hundred and ninety thousand
inflectional forms, which constitutes the target of the analysis. In Figure 3, the leftmost column lists inflectional
forms, the occurrences are quantified next to the right; the column called headword shows the lemma that
corresponds to each inflectional form, and the three columns to the right present the concordance prefield, the
concorded word and the concordance postfield. As can be seen in figure 3, abelgan is the lemma attributed
to the inflectional forms abolgen, abulgon, abelge, abealh, abulge, abelgan, abelged, abealg, abelgad, abulgan,
abolgenne, abelh, abulgen, abelged, abelige, abeligan and abelhd.
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Figure 3. Layout of the lemmatiser Norna.
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On the lemmatiser Norna, inflectional forms are assigned a lemma on the basis of a reference list of verbs from
each strong class that has been retrieved from the lexical database Nerthus and supplemented with information
from Krygier (1994) and Hogg and Fulk (2011). For example, the reference list of strong verbs from Class VI is as

follows in figure 4 (verbs with weak forms excluded).

abacan
acalan
acan
adragan
afaran
agalan
agnagan
agrafan
ahladan
ahliehhan
alan
analan
andswerian
anstandan
answerian
anwacan
anwadan
asceacan
ascieppan
aspanan
astandan
awacan
awascan
2ealan
g&rwadan
gespanan
aetfaran
eetstandan
setwadan
setwascan
bacan
bedafan
bedragan
befaran
begalan
begnagan
begrafan
behlaedan
behliehhan
bespanan

bestandan
bewacan
bewadan
calan
dafan(ge)
dragan(ge)
eftalan
eftdragan
emfaran
faran(ge)
forbacan
forebacan
forefaran
foresacan
forestandan
forewadan
forfaran
forgnagan
forsacan
forsceacan
forscieppan
forspanan
forstandan
forwadan
fordfaran
fordgefaran
fordsacan
fordsceacan
fordsceafan
fordwadan
framascaecan
framstandan
framwadan
fullfaran
fullwadan
galan(ge)
geondfaran
geondwadan
gnagan
grafan

Figure 4. The reference list of Class VI strong verbs.

hlaedan(ge)
inafaran
inefaran
infaran
inhebban
inhleedan
instaeppan
instandan
inwadan
midfaran
midstandan
midwadan
misfaran
ofaran
ofasceacan
ofcalan
oferahebban
oferfaran
ofergestandan
oferstaeppan
oferstandan
oferwadan
offaran
ofsceacan
ofstandan
oftacan
onahebban
onalan
onfaran
ongalan
ongéanstandan
ongespanan
onhlaedan
onsacan
onsceacan
onstandan
onwacan
onwadan
odfaran
odsceacan

odstandan
odwadan
orhlaedan
sceacan
singalan
spanan(ge)
standan(ge)
tacan

tofaran
tohleedan
tosceacan
tostandan
durhfaran
durhforfaran
durhstandan
durhwadan
durhwrecan
undergestandan
underhebban
understandan
unfaran
unhebban
untosceacan
uphladan
utafaran
utdragan
utfaran
wacan
wadan(ge)
wascan
widerstandan
widfaran
widsacan
widsceafan
widstandan
ymbfaran
ymbstandan

Given the inflectional forms from the DOEC and the reference list, the assignment of lemmas can be done
automatically or manually. In order to automatise the process of lemmatisation, it is necessary to define a search
algorithm of which results do not require a great deal of manual revision. Nevertheless, the diachronic and diatopic
variants included in the DOEC as well as the various spellings with which many words appear in the corpus seem
to exclude a fully automatic search procedure and to predict manual revision. This question is tackled in the next

section.

[®) ov-ne-no
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3. THE SEARCH ALGORITHM

This section describes the steps taken in order to develop a seach algorithm with which to lauch queries on
the lemmatiser Norna and find the inflectional forms of the strong verbs in the DOEC. The target of the first step
of the design of the algorithm is the simplex word. The underived verbs in the reference list of the seven strong
classes have been inflected for the infinitive, inflected infinitive, present participle and past participle; present
indicative singular and plural, present subjunctive singular and plural, preterite indicative singular and plural,
preterite subjunctive singular and plural, imperative singular and plural. The list of inflections for créopan ‘to creep’
is offered in (1):

1)

a. Finite forms: créopan, créap, crupon, créope, créopest, créopst, criepest, criepst, créoped, créopep,
créopd, créopp, créopt, crieped, criepep, criepd, criepp, criept, créopad, créop, créopap, créopen, crupe,
crupen.

Non-finite forms: cropen, créopanne, créopenne, créopande, créopende, créopinde.

b. Finite forms: crypan, créap, crupon, crype, crypest, crypst, cryped, crypep, crypd, crypp, crypt, crypad,
crypap, crype, crypen, cryp.

Non-finite forms: cropen, crypanne, crypenne, crypande, crypende, crypinde.

Several comments are in point with respect to the inflectional paradigm given in (1). Firstly, the inventory of
forms has been duplicated so as to account for the potential effects of i-mutation. The Bosworth-Toller and Sweet
dictionaries agree in giving the strong verb créopan ‘to creep’ but Clark-Hall adds the 3rd. person singular present
indicative forms cryped, crypd in a cross-reference to créopan. Indeed, the DOEC has two occurrences of the
syncopated form crypd. For this reason, the i-mutated inflectional forms in (1b), such as cryped and crypd, have
been included for Class Il strong verbs in the search algorithm. For the other classes of strong verbs, the effects of
i-mutation might be seen in endings like the ones provided in (2), following Campbell (1987).

@

-icd, -icd, -icp, -id0, -ipp, -iecd, -iecp, -iedd, -iepp, -ielpd, -ielpp, -ielt, -iett, -ilpd, -ilpp, -ilt, -itt, -idd, -ipp,
'y06, _ycar _ycb! ‘be, _yéév _ybb: _ylpév _ylpb! _ylt! _ytt

Secondly, the alternative spelling <d> / <p> justifies the duplication of forms like créoped / créopep, créopd
/ créopp, crieped / criepep, criepd / criepp and créopad / créopap. Thirdly, the syncopa of the vowel of the
second third person singular present indicative explains the inclusion of pairs like, respectively, créopest / créopst
and créoped / créopd. In the fourth place, the inflectional endings with consonant assimilation such as créopt,
criept and crypt appear in the list along with the canonical forms créoped, crieped and cryped. Finally, dialectal
variation motivates the presence of forms like créopenne, créopande and créopinde together with the West-Saxon
inflections créopanne and créopende.

The second step of the design of the algorith focuses on the complex word. It consists of the compilation
of a list of elements that may be attached to simplex strong verbs to form derived or compound verbs. A priori,
the inventory of preverbal elements, which has been retrieved from the lexical database of Old English Nerthus,
includes affixes with a very specific meaning, such as the negative prefix un-, the pejorative prefix mis- as well as
the aspectual prefixes eft- and ed-; the Germanic pure prefixes a-, be-, for-, ge-, of-, on-, t0- (de la Cruz, 1975);
the spatial and temporal adverbs and prepositions that are going through grammaticalisation resulting in a telic
marker (Brinton and Traugott, 2005; Martin Arista and Cortés Rodriguez, 2014), including adun-, after-, set-, aweg-
, beforan-, betwux-, durh-, ford-, fore-, fram-, geond-, in-, nider-, 0d-, ofer-, onweg-, under-, Up-, Ut-, wid-, wider-,
and ymb-; and fully free forms that appear in compound verbs such as agéen-, and-, dri-, dyrn-, efen-, ful-, hearm-,
méeg-, man-, nyd-, riht-, twi-, wyrg-. With the preverbal elements, the roots and the set of inflections as presented
above, the third step of the design of the search algorithm is the definition of query strings that can be launched
on Filemaker. Four query strings (QS) have been defined. QS1 is aimed to the stems and inflections given in (1),
and the corresponding stems in the remaining six classes of strong verbs. With the operator for exact matches in
Filemaker (==), the part of QS1 that search the corpus for the inflections of béodan can be seen in (3).
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©)

==beodan, ==bead, ==budon, ==beode, ==bead, ==biedest, ==biedst, ==bietst, ==biest, ==bude,
==beoded, ==beodep, ==biett, ==bietd, ==bietp, ==bead, ==beodap, ==beodad, ==budon, ==beode,
==bude, ==beoden, ==buden, ==beod, ==beodad, ==beodap

The target of the second query string is the prefixation with ge-, the most frequent prefix in Old English (Martin
Arista, 2012b) to such an extent that most strong verbs have a simplex and a complex form prefixed with ge-. QS2
for gebéodan is shown in (4).

)

==gebeodan, ==gebead, ==gebudon, ==gebeode, ==gebead, ==gebiedest, ==gebiedst, ==gebietst,
==gebiest, ==gebude, ==gebeoded, ==gebeodep, ==gebiett, ==gebietd, ==gebietp, ==gebead,
==gebeodap, ==gebeodad, ==gebudon, ==gebeode, ==gebude, ==gebeoden, ==gebuden, ==gebeod,
==gebeodad, ==gebeodap

QS3 has been defined for accounting for complex strong verbs with preverbs different from ge-. The wild card
*in (5) stands for any preverbal element attached to the base béodan and its inflections.

©)

==*beodan, ==*bead, ==*budon, ==*beode, ==*bead, ==*biedest, ==*biedst, ==*bietst, ==*biest, ==*bude,
=="beoded, ==*beodep, ==*biett, ==*bietd, ==*bietp, ==*bead, ==*beodap, ==*beodad, ==*budon,
=="beode, ==*bude, ==*beoden, ==*buden, ==*beod, ==*beodad, ==*beodap

QS4 is the least specific query. It search the corpus for the stems of strong verbs with any preverbal and
inflectional segment, thus the introduction of the wild card * to the left and to the right of the stem. This can be
seen in (6).

©)

=="beod*, =="bead*, =="bud*, =="bod*, =="bied*, =="biet*, =="biest*

These query strings have been launched sequentially: QS1, QS2, QS3, QS4. After the submission of each
query, its hits have been tagged on the lemmatiser Norna, so that the tags from previous queries could guide the
tagging of the hits of subsequent queries. This simplifies the overall task because, in spite of being likely to find
some unexpected spellings, QS4 is redundant with respect to QS1 (endings) as well as QS2 and QS3 (preverbs).
Moreover, given its wide scope, it is predictable that this query string turns out a remarkably high number of
matches. For this reason, the final step in the design of the search algorithm is the definition of filters that can put
aside at least part of the undesired results of SQ4, so that manual revision can be kept to a mimimum. Two filters
have been devised. Filter (F) 1 is intended to isolate verbal forms. It narrows down the hits of QS4 to inflectional
forms that end with on, -odon-, -ast, -est, -ost, -0, -p, -iad and-iap, thus the operators == and *. The application
of F1 to the 17,138 hits of SQ4 reduces this figure to 1,939. F1 is presented in (7).

)

==*-on, ==*-odon-, ==*-ast, ==*-est, ==*-ost, ==*-8, ==*-p, ==*-iad, =="-iap

F2 is aimed at finding spelling variations in the consonantal endings of verbal forms. It is applied in two steps.
The first step selects the inflectional forms that end in a consonant, as can be seen in (8).
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®)

::*b, ::*C, == , ::*f, ::*g, == , ==* , ::*m7 ::*n, ::*p, ::*r, ::*S, ::*t, ::*W, ::*X, ::*y, ::*6, ::*b

The second step of F2 targets members of the non-verbal classes as well as weak verbs by deleting inflectional
forms that end in -on, -en, -an, -es, -um, -end, -as, -est, -ost, -ed, -od, -ig, -ic, -ing, -ung, -un, -us, -nes, -er, -or, -ur,
-iad, -iap. It must be noted that F2 also puts aside the endings -iad, -iap, which are selected by F1. When applied
to the outcome of SQ4, the first step of F2 reduces its hits from 17,138 to 10,305, which, after the application of
the second step of F2, result in 3,533 hits. The second step of F2 is displayed in (9).

©

==*on, ==*en, =="an, =="es, =="um, =="end, =="as, =="est, =="ost, =="ed, =="0d, =="ig, =="ic, =="ing,
==*ung, ==*un, ==*us, ==*nes, =="er, =="or, ==*ur, ==*iad, =="iap

4. THE OUTCOME OF THE SEARCH ALGORITHM

The application of the algorithm to the search for Class IV strong verbs turns out the results presented below.
The inflectional forms attributed to each lemma can be seen in the Appendix. The overall quantitative results by
class are tabulated in table 1.

Table 1: Hits by strong verb class.

QS4+
Class Qs1 QS2 QS8 F1 QS4+F2 Total
| 359 150 582 60 42 1,190
] 293 134 263 12 75 774
1 565 206 775 290 175 1,926
v 116 60 287 69 44 688
\' 343 145 747 123 68 1,428
VI 215 68 532 35 37 883
Vi 509 252 1,136 77 69 1,827
Total 8,716

As can be seen in Table 1, the most frequent verb classes are lll, V, and |, with 1926, 1428 and 1190 inflectional
forms respectively. QS3 turns out the highest number of hits in all the classes, except Class Il. These results are
discussed in the following section.

Apart from the quantitative data, the analysis has turned out a normalised list of preverbal and inflectional
endings. The inventory of attested preverbal forms includes the ones presented in Figure 5 (variants between
brackets). Throughout the lemmatisation process, the forms between brackets have been normalised to the
canonical forms preceding them in Figure 5.

a-, aefter- (eeft-, aeftyr-, efter-, eftyr-), eet- (ad-, sed-, at-, ét-, et-, ot-), and- (iand-, ond-, ont-), be- (b-, bea-,
beah-, beo-, bet-, bew-, bi-, bi-, bic-, big-, bio-, bis-), ed-, efen- (aefen-, efn-, emn-), eft- (eeft-, oft-), for- (f’-, f'r-,
feer-, feern-, far-, feor-, fer-, fern-), fore- (foren-, fores-, forn-, fors-), forp- (fort-, ferp-), fram- (frum-, from-, frun-,
frym-, frymft-, frymfp-), full- (ful-), ge- (cg-, 19-, €h-, eig-, i-, g-, ga-, gee-, geen-, geer-, gad-, gan-, gar-, ged-, gen-,
gem-, ger-, gi-, gif-, gim-, gy-), geond- (giond-, gind-, gio-, gion-, gin-, geon-, gon-, geo-), in- (ine-, ing-, inn-), mid-
(me-, met-, mi-, med-, mid-, mod-), mis- (miss-, mus-), of- (af-, af-, off-), ofer- (eofer-, eofor-, ofeer-, ofern-, ofor-,
of’-, ofyr-, ouer-, ouyr-, ofer-), on-, op- (oep-, Up-), to-, twi- (twig-, twy-), purh- (porh-), un-, under- (und-, undern-,
ynder-), Up- (upp-), at- (utt-, vt-), wip-, wiper (wipere-, wipyr-), ymb- (ym-, ymbe-, emb-, embe-, eme-, imb-).

Figure 5. Attested preverbal forms and their normalisation.

The inflectional endings in figure 6 have also been identified. For the sake of clarity, the variants are grouped
under the canonical form and displayed between brackets.
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-ad; -ap (-ad; -aed; -a9d; -aep; -at; -ath); -an (-aen); -6; -p (-d; -th); -e (-eg; -cg; -ch; -cht; -gc; -h; -0); -ed; -ep
(-cg; -ch -cht; -et; -eth; -ead; -eap; -ed; -eid; -gc; -h, -id; -id; -ip; -ied; -iep; -it; -ith; -008; -ud; -up; -yd; -yd; -yp;
-yt); -en (-in; -yn); -est (-aes; -aest; -ast; -aet; -esd; -esp; -is; -ist; -ust; -ys; -ysd; -yst); -on (-don; -onn); -st (-sJ; -s);
-tst (-dst); -t (-tt).

Figure 6. Inflectional endings and their variants.

5. DISCUSSION

The lemmatisation method, based on a set of query strings and filters implemented on a lexical database,
has clear advantages but also raises some issues. A comparison with the inflectional forms provided by the DOE
(A-G) has shown that the accuracy of the search algorithm is around 80%. In other words, 10% of the hits do not
correspond to inflections listed in the DOE and, conversely, 10% of the forms in the DOE have not been found by
the lemmatiser in its present state. This is due to a number of reasons that must guide future research. Beginning
with the hits that are not found in the DOE, three main shortcomings have been identified: strong nouns that
coincide with the third person singular of the present indicative of potential lemmas, such as bisceop (from biscop,
not from **besceopan); adjectives derived from strong verbs that coincide in form with the third person singular of
the present indicative of a verbal lemma, such as eacene (from €acen, not from éacan); forms overlapping with the
paradigm of weak verbs (beslepen, from beslépan, weak, not from besle&pan). Among the inflections provided by
the DOE that have not been found by means of automatic searches we find early forms like adriofan (adrifan), late
forms such as arysad (arisan), consonantal contrasts due to Verner’s Law, such as seodan, sead vs. sudon, sodden
(seodan); unpredictable <k> or <ch> for <c>, as in beluked, belochene (beltucan); unpredictable <v> for <w>, as in
bisvicen (beswican); unpredictable <c> for <g>, as in forcnad (forgnidan); unpredictable <y> for <i>, as in bydded
(biddan), this example also illustrating unpredictable <d> for <d>; assimilation of the third person singular, present
indicative ending to <t>, as in aworpet (aweorpan); and loss of <h> before <r>, as in &trind (aethrinan). Finally, the
DOE has inflected participles that were not considered in this work, such as the present participle céosendum
(céosan) and the past participle besmitenes (besmitan).

Apart from the accuracy of the lemmatiser, two issues have arisen throughout the research that need some
comment. In the first place, the hits of the search algorithm not only show a remarkable degree of variation, as has
been described above, but also require desambiguation. That is to say, some hits certainly constitute accurate
results in the sense of belonging to the inflectional paradigms of strong verbs, but they may pertain to more than
one class, as in the pairs in (10). Provisionally, these inflections have been assigned to both potential lemmas.

(10)

abudon: abéodan (ll);

abudon: abuan(ge) (Vllg; st. with wk. pret./p.p.)
abeerst: aberstan (llic);

abeerst: aberan (IV)

bitt: bitan(ge) (I);

bitt: biddan(ge) (V; st. with wk. pres.)
feall/feallap/gefeoll/fealled: féolan(ge) (llib);
feall/feallap/gefeoll/fealled: feallan(ge) (Vlic)
fersceat/forsceat: forscéotan (Il);
fersceat/forsceat: forscéadan (Vlla; st. with wk. pret./p.p.)
onhlad: onhlidan (l);

onhlad: onhlaedan (VI)

The final problem has to do with the existence of a derived verb for which no underived base can be proposed.
All the sources account for the existence of the strong verb forléosan ‘to lose, abandon, let go’. However, none of
them considers that the verb */éosan is attested and concur in marking it with the asterisk used for reconstructed
forms, thus, for instance, the DOE. Given the stepwise character of the search strings proposed above, it is
necessary to add the verb /éosan(ge) to the reference list in order to account for its derivatives.

6. CONCLUSION

This article has described the process of lemmatisation of the strong verb forms in the DOEC by means of a
lemmatiser that is implemented on a lexical database and consists of an index, a concordance, a reference list and
a set of query strings and filters.
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The implementation of the search algorithm on a lexical database has proven remarkably useful and convenient
not only because information can be easily stored, searched and retrieved but also because the results can be
sorted in alphabetical order, which implies that similar forms appear close to each other. This has two advantages.
First, the identification task is not as time consuming as it would be if the corpus was searched manually. Second,
and more important, variant spellings can be identified more easily and quickly compared with nearby words, which
results in both the identification of a higher number of inflectional forms and, in some cases, the identification of
new lemmas.

The methodology based on a search algorithm on a lexical database has had some effects on the resulting
inventory of lemmas, at least in two respects. Given that a canonical form cannot be a variant form of another
prefix, two lemmas have been proposed when inflectional forms have been found containing both preverbal items.
At the same time, the separation of some affixes has led to the replacement of a lemma for a new one, instead of
keeping both.

Overall, the automatic searches on the lemmatiser Norna have an accuracy of approximately 80%. Considering
that the inflectional forms of the strong verbs beginning with the letters H-Y remain largely unpublished, finding
eight out of every ten forms may represent a significant advance. On the other hand, future research must be
conducted with the aim of refining the search algorithm in the directions indicated in this article.

APPENDIX: THE LEMMAS AND INFLECTIONS OF CLASS IV

aberan: abeer, abeere, abaeron, aber, aberad, aberan, aberd, abere, abered, aberon, abired, aboren, aborene,
Fbeer; abrecan: abreec, abrascan, abrsece, abraecen, abreecenne, abraecon, abrecad, abrecan, abrecane,
abrecanne, abrecap, abreccenne, abrecd, abrece, abrecende, abrecenne, abrecon; acuman: acom, acoman,
acome, acomon, acuman, acume, acumen, acymd, acymp; acwelan: acweel, acweaelan, acweele, acweelon,
acwelad, acwelan, acweld, acwele, acwellan, acwelon, acwild, acwolen; adweran: apwer; aetberan: Atbeer,
Atbaeron, Atbaerst, Atberan, Atbere, Atberst, atbaerst; animan: anim, Animad, animan, animd, anime, anumen,
anumenne, anumenre, ateran: aterad; beberan: beborene; becuman: becom, becoman, become, becomen,
becomon, becomun, becum, becumad, becuman, becume, becumen, becumende, becumene, becumenne,
becumon, becwom, becwome, becwomon, becymd, becyme, becymed, becymen, becymest, becymep, becymst,
becymp, beocuman, bicom, bicoman, bicome, bicomen, bicomun, bicumad, bicumen, bicwom, bicymeed,
bicymed, bicymo, bycuman, bycumd; becwelan: becweel; behelan: beholen, beholene, biholen; beniman:
beneoman, benimad, beniman, benimd, benime, benimed, benimen, benom, benumen, benumene, benumenne,
binom, binoman, binumen; beran(ge): baer, baerad, baere, baeren, baeron, ber, berad, beraed, berap, berd, bere,
beren, berende, berene, berenne, beryd, bird, bired, birep, boren, borene, borenne, borenre, gebaer, gebaeran,
gebaere, gebaeron, geber, geberan, gebere, geberen, geberep, gibeer; igberan: ibaere, iboren; igcuman: icumen;
igdelan: ideel, ideelen, iddel, idel, idelan, idele; igfelan: ifel, ifele, ifeled; ighelan: ihaelen; ignuman: inumen; bescieran:
bescear, bescearen, besceoren, besciran, bescire, bescoren, bescorene; bestelan: besteael, bestale, bestaelon,
bestelan, bestele, bestolen, bestolene, bistild; brecan(ge): braec, braecan, braecc, braece, braecen, braecg, braecon,
brec, brecad, brecan, brecanne, brecd, brece, breced, brecende, brecenne, brecest, brecep, brech, brecon,
brocen, brocenan, gebraec, gebraecan, gebraecc, gebreece, gebraecg, gebrec, gebrecan, gebrecanne, gebrecap,
gebrecced, gebrece, gebrecende, gebrecendes, gebrecest, gebreco, gebrecon, gibraec, gibrece, gibrecon;
cuman(ge): com, coma, coman, come, comen, comm, comon, comth, comun, cum, cumad, cumad, Cumaed,
cumaep, cuman, cumap, cumen, cummad, cumon, cwom, cwoman, cwome, cwomon, cwomun, Cym, cymas,
cymd, cymd, cyme, cymed, cymed, cymen, cymes, cymest, cymet, cymep, cymid, cymmed, cymmes, cymo,
cymst, cymyd, cymyst, cymp, gecom, gecome, gecomon, gecum, gecuman, gecume, gecwome, gecymd,
gecyme, gecymed, gecymes, gecymmes, gicom, gicome, gicomon, gicyme, gicymes; cwelan: cwelad, cwelan,
cwele, cwelende, cwellad, cwelled; durhbrecan: Purhbreec; dwaeran(ge): Pweere, Dweran, gedweera, gedweeran,
gedweere, gedwerast, gedwere, gepweer, gepweera, gepweeran, gepweere, gepweerede, gepwaerende, gepwaerian,
gepwaerode, gepwer, gepwere, gepworen, Pwere; dwerian: gedwaerian, gedwaerie, gepwaeriad, gepwaeriende,
gepweriendan, Pwerian; efencuman: efencomon, efencuman, Efencwomon, efncomon, efnecomon; eftcuman:
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eftcom, eftcome, eftcomon; forberan: forbaer, forbaeran, forbaere, forbaeren, forbaeron, forber, forberad, forberaen,
forberan, forberanne, forberd, forbere, forbered, forberen, forberende, forberenne, forberon, forbired, forboren;
forbrecan: forbreec, forbreecan, forbreece, forbreecon, forbreecst, forbrec, forbrecan, forbrece, Forbrecende,
forbrecendes, Forbrecon, forbrocen, forbrocene; forcuman: forcom, forcoman, forcome, forcomun, forcuman,
forcumen, forcumene, forcwomon, forcyme, forecomun; fordberan: fordbered, Fordberen, forpberan; fordbrecan:
fordbrecad; fordcuman: fordcumende, fordcymed, fordcymp; foreberan: foreboren; forecuman: forecimep,
forecom, forecoman, forecome, forecomon, forecumad, forecuman, forecumed, forecumen, forecumende,
forecumep, forecwome, forecwomon, forecym, forecymd, forecyme, forecymed, forecymyd; forhelan: forheel,
forheele, forheelende, forhelan, forhele, forhelen, forhild, forholen, forholene; forniman: forneomad, forneomende,
fornim, fornimad, forniman, fornimap, fornimd, fornime, fornimende, fornimene, fornom, fornoman, fornome,
fornomon, fornomun, fornumen, fornumene; forstelan: forstael, forsteele, forsteelen, forsteelon, forstelad, forstelan,
forstelap, forstele, forstelen, forstelenne, forstelon, forstild, forstolen, forstolene, forstolenes, forstolenne,
framcuman: framcumen, fromcumen; fullbrecan: fulbrece; helan(ge): geheel, gehaelan, gehaeld, gehaele, geheelen,
gehaelon, gehelanne, gehele, gehelen, gehiled, gehilt, geholena, gihael, giheele, heel, haelan, haele, haelen, Heaelon,
hel, helad, helan, helanne, hele, helen, Helendan, Helende, helendes, heol, heolad, heolan, hild, hilt, holen; hlecan:
hlec, hlecan, hlece, hlecen; hréran: gehrer, gehrere, gehroren, gehrorene, gehrorenre, hrer, hrerad, hreran, hrere,
hreren, hrorenne, hwelan: gehwelede, hweel, hwaele, hwel, hwelad; inberan: inborena; inbrecan: inbraec; incuman:
incom, incuman, incymed; indelan: indzel; inswelan: ingeswel; middweran: modpwaere; misberan: misboren,
missboren; niman(ge): geneoman, geneomap, genim, genimad, geniman, genimanne, genimap, genimd, genime,
genimed, genimen, genimende, genimenne, genimest, genimep, genimme, genimmed, genimmende, genimon,
genimst, genimp, genom, genome, genomen, genomon, genomun, genumen, genumenan, genumene, genumenne,
genumenum, genymad, genymst, ginim, ginime, ginimed, ginom, ginome, ginomon, ginumen, neom, neomad,
neoman, neomap, neome, neomende, Nim, Nimad, nimaed, nimaen, nimagp, niman, nimanne, Nimap, nimd, nime,
nimen, nimende, nimenne, nimest, nimis, nimmende, nom, nome, nomen, nomon, numen, numMmene, numenne;
nydniman: nednime, nednimende, nydnumen; ofaniman: ofanumene; ofasciran: ofascire; ofcuman: ofcome,
ofcuman, ofcymed, ofcymes, ofcymp; ofdelan: ofdzaele, ofdele; oferbecuman: oferbecymd, oferbecymp; oferberan:
oferbeer; oferbrecan: oferbraec, oferbrec; ofercuman: of’cyme, ofer-cymst, ofercom, ofercome, ofercomen,
ofercomon, ofercumad, ofercuman, ofercumap, ofercumen, ofercumendre, ofercumene, ofercumenne,
ofercumenum, ofercumme, ofercwom, ofercwomon, ofercymad, ofercymaed, ofercymd, ofercyme, ofercymed,
ofercymen, ofercymene, ofercymenne, ofercymst, ofercymp, oforcwomon, ouercumen, ouyrcom; oferfelan: oferfel;
oferhelan: oferhelad, oferhelap, oferheled; oferniman: ofernimd, ofernime, ofernumen; oferstelan: ofersteele,
oferstaelon; offelan: offele; ofniman: ofgenimed, ofgenom, ofgenumen, ofnimad, ofnimd, ofnumen; ofteran: ofter;
onbecuman: onbecom, onbecomon, onbecumad, onbecymd, onbecyme, onbecymed, ongenbecuman; onberan:
onberan, onbere, onboren; onbrecan: ongebraec; oncuman: ancumenne, oncom, oncome, oncunnende, oncymd,
oncymed; ondelan: ondael, ondzele; ongeancuman: ongeancumad, ongeancumende; ongelan: ongel; ongeniman:
ongeniman, ongenumen; onhelan: onhale, onhilt; onhreran: onhrerad, onhreran, onhrere, onhrered, oniman,
onniman, onnime; onstelan: onstal; odberan: odbeer, odbaerst, odberan, opbaer; odcwelan: odcwolen; scieran:
gecorene, gescir, gescoren, gescorene, scear, scearan, sceare, scearen, scearn, scieran, scir, scirad, sciran, scird,
scire, scired, sciren, scirep, scirp, scorene, scorenum, scyr, scyran, scyrd, scyre, scyrendan, scyrep; stelan(ge):
gesteele, gestele, gestild, gestilled, gestillep, gestillid, gestilst, gistele, steel, steele, staelen, steell, steelon, stel,
stelad, stelan, stele, steled, stelende, stelendes, stelenne, stelep, stelp, stild, stilith, stilled; swelan: geswel, geswell,
sweel, swaelende, swel, swelad, swelan; teran(ge): geter, teer, taeron, ter, terad, teraed, teran, terap, tere, terendan,
terende, tird, toren; tobecuman: tobecome, tobecumad, tobecyma; toberan: tebaerst, tobaer, tobeeren, tobasron,
tobeerst, toberad, toberan, toberd, tobere, toberst, tobired, toboren; tobrecan: tobraec, tobresecan, tobraecd,
tobraece, tobraecon, tobrec, tobrecad, tobrecan, tobrecd, tobrece, tobreced, tobrecen, tobrecenne, tobrecest,
tobrecep, tobrecod, tobrecst, tobrecp, tobricd, tobriced, tobricst, tobricp, tobrocen, tobrocenan, tobrocene,
tobrocenne, tobrocenre, tocuman: tocom, tocome, tocomon, tocumad, tocuman, tocumanne, tocumap, tocumen,
tocumendan, tocumene, tocym, tocymad, tocymeaed, tocymd, tocyme, tocymed, tocymende, tocymes, tocymep,
tocymmende, tocymo, tocymys; todelan: todael, todale, todaelen, todaelon, todel, todele, todeled; tohélan:
toheelen; toniman: togenim, togeniman, togenimad, togenimende, togenom, togenomon, toginim, toginom, tonimad,
tonumen; toteran: toteer, totaere, toteseron, toteerr, toterad, toteran, toterd, totere, toteren, toterende, toterenne,
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totoren, totorene, totorenne; underberan: underberende, vnderbeer; undercuman: vndercyme, vndercymende;
underniman: undernim, undernimad, underniman, undernimd®, undernumen; unfelan: Unfzele, unfelende, ungefelan,
ungefele; unhelan: unheel, unhale, unhele; unscieran: unscoren; dpabrecan: uppabrece; Upcuman: upcumen,
upcumende, upcumene, upcymd, upcyme, upcymed, Upcymep, Uppcumyn, uppcymyd; dpniman: upnimende;
utabrecan: utbaerst; dtniman: utniman, utnimd; widerbrecan: widerbrecan, widerbrecap, widyrbrecan, wiperbrecan;
ymbberan: ymbboren; ymbcuman: ymcyme.
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